This work aims to identify attributes or features related to endemic amphibians in modeled and painted pottery from central-southern Chile and north-western Argentina. From this work, we were able to identify four species of amphibians represented in certain types of modeled and painted pottery, and we also complemented this data with modern references and ethnohistorical chronicles of the potential use given to this pottery in particular. This contribution postulates that some elements of the black-onred pottery of the Early Ceramic Period of Araucanía in central-southern Chile and of Patagonia in northwestern Argentina, seek to highlight amphibiomorphic characteristics such as exophthalmia (protruding eyes) and aposematism (brilliant coloring and brightness of the vessel by using an engobe decoration). Based on the ethnohistorical data of the area, it is also proposed that these vessels could be linked to the exclusive use of highly toxic substances. Finally, the results allowed us to explore the close ecological interaction between human groups and woodlands.
Introduction
The Pitrén Complex has been defined as the first horticultural occupation of the central-southern region of Chile, whose occupation range extended from the Bío-Bío River to Lake Llanquihue, as well as towards the center and north of the Neuquén province in Argentina (Aldunate, 1989; Adán et al., 2016) .
The antiquity of this pottery complex could go back to approximately 2,000 years BP from the new dating of the Flor del Lago 1 site, remaining in marginal areas such as islands (Quiróz & Sánchez, 2005) or mountain lakes (Reyes, Sanhueza, & Adán, 2003 -to the years 1,200-1,400 AD. In the mountainous sector, this type of pottery is associated with other unique aspects such as expeditive and preformative lithic technology for the maintenance of instruments and preserved in extractive instruments (Pérez, 2016) , along with typical wildlife of the forest and lake. This human occupation was supported with a diet centered on vegetable harvesting, complemented with hunting and horticulture based on tree logging and forest clearing (Velázquez & Adán, 2002; Adán, García, & Mera, 2010; Adán & Mera, 2011) . Recently, fishing practices have also been identified in the area (Pérez, Schuster, & Castiñeira, 2017) . Similarly, it is described as an Andean expression of the Archaeological Tradition of Temperate Woodlands, based on sites of the Western mountain range (Adán, Becerra, & Godoy, 2004) .
In principle, the Pitrén Complex was characterized by its pottery context (Aldunate, 1989) , then by its funerary pattern (Dillehay, 1990) , and currently defined and determined based on its settlement pattern, the organization of its technology and subsistence, which is considered to be a forest and lacustrine adaptive strategy (Adán, García, & Mera, 2010; Adán & Mera, 2011 ; Navarro Harris, Dillehay & Adán, 2011) . With a mixed economy and use of pottery, this society would have been composed of small family groups that used a hunter-gathererfisherman-horticultural subsistence system and seasonal residential mobility. They were predominantly located on lake shores, river banks and in lakeside foothill areas (Aldunate, 1989; Dillehay, 1990; Castro & Adán, 2001 ). It should be noted that a more conservative and longer-lasting Eastern archaeological counterpart -on the coast or in the central depression of Chile (Aldunate, 1989; Adán & Alvarado, 1999 ) -has also been proposed and that the Lácar basin from Argentina was recently added into the "Eastern mountainous sector" in the archaeological area of the Valdivia River Basin (Pérez, 2016) , which is binationally-shared.
The Pitrén Complex (Menghin, 1962) has been shaped by a series of pottery types that were recognized by pioneer studies in the 1960s in the central-south area of Chile (Menghin, 1962; Berdichewsky & Calvo, 1972 -1973 , which were later resumed by contemporary researchers who systematized and redefined them giving rise to new decorative and morphological typologies (Aldunate, 1989; Adán & Mera, 1997; Adán & Alvarado, 1999; Adán et al., 2016 ). An important part of the decorative elements that would characterize the tradition of this complex ceramic is resistant paint (Aldunate, 1989; Adán & Mera, 1997; 2011; Adán, Reyes & Mera, 2001 ) and the use of black and red colors, used almost exclusively on the jar morphological category (Adán & Alvarado, 1999) . Regarding the reasons and configuration of this decoration, some specific decorative typologies clarifying several varieties of designs and sharing the same geometric elements have been established (Adán & Mera, 1997) .
It has previously been hypothesed that an exclusive use of certain type of vessels to produce and contain toxic substances (Pérez, 2011; Pérez, Reyes, & Hermann, 2012) . These containers could present external attributes to enhance the social value or ritual importance of its contents as well as avoid its involuntary or accidental consumption of the toxic substances which they contained. Following this proposal, this work suggests certain modeled and painted attributes are not only decorative features, but markers or signs of alert that distinguish these vessels containing toxins or poison from the ones commonly used in utilitary or domestic activities. If we consider ethnographic sources and the ethno-ecological characteristics of endemic amphibians of the region, some of these vessels such as the amphibian modeled ones and the bichromatic designs in black over red engobe could be linked to the production and exclusive use of toxic substances.
Within the variability of modeled and painted amphibiomorphic vessel design, both naturalistic and abstract, certain features or attributes allow amphibians' species identification, including etho-ecological aspects and their functional implications, contributing to further understand the interaction of human groups with woodland environments and resources in the Araucanía of central-southern Chile and the Patagonia of northwestern Argentina.
Materials and Methods
For this work, we have considered ceramic materials from the Pitrén Complex of Chile and Argentina as published by various authors (Adán & Alvarado, 1999; Adán & Mera, 1997; Adán et al., 2016; Aldunate, 1989; Dillehay, 1990) . These come from the collections of the Museo Regional de La Araucanía (Temuco, Chile), Museo Arqueológico de Valdivia (Isla Teja, Valdivia, Chile), Museo Chileno de Arte Precolombino (Santiago, Chile), and the Museo Francisco Pascasio Moreno, Río Negro (Argentina). We also considered ceramic materials recovered from excavations at the Villa JMC-01 Labranza archaeological site (Mera & Lobos, 2008) and of various funerary sites from the archaeological area known as By-Pass Temuco (Ocampo, Mera & Rivas, 2001) , both in Chile, to which we added collections from our own excavations in the Lake Meliquina archaeological area, Argentina, in the Eastern slope of the Cordillera (Pérez, 2011 (Pérez, , 2016 .
The methodology consisted in the bibliographic and geographic review of the study area, including the eto-ecological habits of diverse species of endemic amphibians (Formas, 1979; 1995; Formas, Núñez, & Brieva, 2001; Veloso, Núñez, Úbeda, Lavilla, & Blotto, 2004; Rabanal & Núñez, 2008) . We also reviewed specific bibliography defining the Pitrén pottery in this area in particular, specifically decorated with modeled features or using negative black paint over red engobe (Adán & Alvarado, 1999; Adán & Mera, 1997 , 2011 Adán et al., 2016; Mera & Lobos, 2008) .
Using information available from the species of amphibians currently present in the region, as well as the photographic and bibliographic material of the Pitrén modeled and painted pottery, potential features key to identifying particular species of amphibians were hence evaluated.
Elements for the Interpretation of Amphibiomorphic Modeled Design and Black Paint over Red Engobe Decoration Modality
Here we synthetize the main characteristics of the Pitrén ceramic group and also propose some diagnostic amphibian species represented by modeled or painted attributes in this type of pottery. It is worth noting that these ceramic types currently appear in the same habitat of the amphibian species that we mention, despite landscape and climate changes over the last two millennia. This subject, and its implications, are developed during the final considerations of this work.
In a characterization study of the pottery sets in the central-southern area of Chile, Adán & Alvarado (1999) analyzed a total of 344 complete pieces, among which they distinguished three decorative modalities: negative technique, modeling and engraving. Of these pieces, 22 (6.4%) presented decoration by using a negative technique of black-on-red. They argued most of the drawings would have been obtained by the application of a "temporary protective material", which allows for the covering certain areas to preserve the original color of the vessel or engobe when subject to "smoking" (Castro & Varela, 1990; Pérez & Reyes Álvarez, 2009; Pérez, Reyes, & Hermann, 2012; Barrientos Romero, 2013) (Figure 1 ). This type of decoration appears to be associated solely with the "jar" category types 1, 2, 7, 8 and 15 as proposed by Adán and Alvarado (1999, p. 257) , who also postulate from an aesthetic point of view that "...it is privileging a type of artefact to which it is desired to give a distinct and singular appearance". According to the authors, these vessels appear in less proportion in contexts in which monochrome types are the majority -increasing the monochrome modeled decoration and appearing with the red-black bichrome decoration in negative technique in its "Starred" -or C-and "Crossed" -or D-varieties (Adán & Alvarado, 1999, p. 260) . Also, they estimated their ages between 750±100 years AP (UCTL-885) -from the Los Lagos site -and 1,255±180 years AP (UCTL-884) in the La Tereña site (Adán & Alvarado, 1999) . Recently, the known range for the bichrome Pitrén black paint over red engobe vessels expanded after its identification to the south of the Neuquén province, specifically in the sites of Montículo Angostura (900±75 BP), Arroyo la Dulce (TL 980 BC), Cueva Haichol (695±70 BP) (Hajduk, Albornos, & Lezcano, 2013) , and in the archaeological localities of Meliquina Lake and Lácar Lake (Pérez, 2010a; Pérez, 2016) . Its presence has also been found during at least the last 1.400 years BP in the Woodland área of the locality of El Manzo, north of the Chubut province in Argentina (Bellelli, Carballido, & Stern, 2018) .
Regarding the amphibiomorphic figurative type "stylized" in asymmetric jars (variety "E" according to Adán & Alvarado, 1999;  or group "ñ" according to Adán et al., 2016, Fig. 3) , it is said that: (Adán & Alvarado, 1999, p. 255 ). Mera and Lobos (2008) call this attribute the "big mouth feature", a characteristic of amphibians (toads and frogs) that allows them to capture flying insects or aquatic prey. Based on this feature, reference has been made only to the Chilean frog Caudiverbera Caudiverbera (Linnaeus, 1758) since it has a head that measures one third of its total length. However, large mouths are a common frog and toad feature and little analysis has been undertaken of other species present, several of them endemics to the south central area of Chile. In addition to its endemic nature, the southern batrachofauna is notable for having very few species in relation to the tropical forests of South America. Here there are leptodactylids of the genus Caudiverbera (monotypic), Telmatobufo (three species), Insuetophrynus (monotypic), Batrachyla (three species), Hylorina (monotypic), Alsodes (one species), Eupsophus (three species) and Pleurodema (one species). There are also buffoids of the genus Bufo (three species) and rhinodermatids of the genus Rhinoderma (two species) (Formas, 1979 (Formas, , 1995 . As we will see later, some of these species can be identified by certain modeled and painted attributes, and after describing them we will focus on discussing some characteristics about the species Telmatobufo venustus, since it has a specific distribution and external characters that have led it to be linked to a particular morphological group of vessels in our study (Figure 2) .
The anurans have strong adaptations to the temperate forest environment of southern Chile, which are manifested especially in reproduction (Formas, 1979 (Formas, , 1995 Rabanal & Núñez, 2008) . Altitudinally, toads and frogs reach up to 1000 m.a.s.l; however, a few species (Bufo variegatus, Bufo chilensis and Pleurodema thaul) can exceed 2000 m.a.s.l. It is also possible that in this case temperature is the factor that influences this distributional pattern. Most of these species live in the wooded soil; but some are conditioned to aquatic environments. Caudiverbera caudiverbera is adapted to waters of the lentic type but Insuetophrynus acarpicus and the species of Telmatobufo venustus and Telmatobufo australis live in bodies of water of the lotic type found both within the forest and in its periphery (Formas, 1979) . 
Results

Species Identification of Amphibians According to Attributes or Features in Pottery
Until now, amphibian representation in the ceramic registry of central-southern Chile has been analyzed in generic and mono-specific terms; its identification has not determined species. Nevertheless, certain decorative features from Pitrén vessels, both modeled and painted, are taxonomically diagnostic and allow linkage with endemic amphibian species that present ethno-ecological aspects of archaeological interest. Based on modeled and/or painted features and attributes of this ceramic type, four possible species of amphibians were identified:
Telmatobufo venustus (Philippi, 1899) are distributed in temperate forests of Nothofagus in centralsouthern Chile (35° 30'-41° 10' S) from sea level to 1,280 meters above sea level, that is, in the Chilean coastal range and Andes foothills (Formas, Núñez, & Brieva, 2001) . Vessels with singular characteristics compatible with this species display bright and brilliant colors, mainly black and red, and sometimes orange and yellow, distributed in linear bands and dots. The similarity with the black over red vessels becomes evident from the species holotype as illustrated by Phillipi (1899, Figure 3 and 4-A) .
Telmatobufo bulloki (Schmidt, 1952) , it has a limited distribution to the Humid Mediterranean Region of the Nahuelbuta or Chilean Coastal Range (37° 05'-38' S). Altitudinally it can be located between 10 m and above 800 meters above sea level. This particular species is usually found in the fallen trunks of Araucaria araucana and in streams from August to November (Formas, Núñez, & Brieva, 2001) . To date, vessels with this representation have been interpreted as a generic species of amphibian (any species) and its multiple modeled glands considered an exaltation of the representation of palmar appendixes as a metaphor of fertility (Mera & Lobos, 2008) . However, other works have attributed these modeled appendixes as a graphic representation on an amphibian laying eggs (Araya et al., 2011) (Figure 4-B) . Rhinoderma darwinii (Duméril & Bibron, 1841) is generally characterized by a nasal prolongation and a small size. Its preferred habitat is cool and temperate rainforest (Valdivian forest). The males carry their offspring in their vocal pouch until the completion of their metamorphosis. Darwin's frogs are preyed on by visual predators such as birds (Rhynocryptidae) and snakes (Philodryas). A vessel representing this species has commonly been classified as an ornitomorphic representation known as ketro-metawe or "duck jar" as well as an abstract anthropomorphic representation (Dillehay & Gordon, 1979) . However, the vessel illustrated in Figure 4 -C displays multiple naturalistic characteristics that allow its identification as a modeled and painted representation of this species, also known as sapo vaquero (Formas, 1979) .
Pleuroderma thaul (Lesson, 1827); in Chile, this particular species can be found from the Antofagasta to the Aysen regions, including Chiloé, from sea level to 2,100 meters above (Formas, 1979; Veloso et al., 2004) . This species has adapted to anthropically disturbed environments and proliferates next to urban areas (Rabanal & Núñez, 2009 ). This species is commonly known as "four-eyed" (Formas, 1979) because it has two appendixes that appear to be eyes towards the sides of its back, which is a defensive mechanism against predators.
The adscription of this species is based on various vessels that display bulbar appendixes in the extreme opposite to the mouth and would correspond to diagnostic features of genre (Figure 4-D) .
Amphibiomorphous Representations in Central-Southern Chile
Rodrigo Mera and collaborators have recently characterized abundant ceramic materials from the Early Ceramic Period, which have been modeled into zoomorphic figures and in which naturalistic and abstract amphibomorphic variants are predominant (Mera & Lobos, 2008) . The amphibiomorphic modeled vessels are recurrently attributed to representations of the "Ngenco", "Newen Co", or "water force", (Pérez, 2010b) . Mera and Lobos (2008) highlight amphibiomorphic attributes such as the modeled chin trait and the sexual calluses or appendixes applied by the technique of pastillage as symbols of fertility, reproduction and renewal of the life cycle of nature (Mera & Lobos, 2008) . We could also relate to deeper cultural aspects of the amphibian figure in the worldview of the Reche and Mapuche peoples (Boccara, 1999) , where they are described as creatures that move through burrows, connecting the earthly world or middle earth and the underworld where ancestors dwell (Faron, 1964; Dillehay, 1990) .
The only amphibiomorphic modeled and painted vessel with negative or reserved technique and characterized to the species level comes from the funerary site of Villa JMC-01 Labranza which has been dated to 1,000 years BP ( Figure 5 ). According to Mera and Lobos (2008) , the vessel represents the spawning of a couple of the Caudiverbera caudiverbera species. We agree with the diagnostic modeled attributes of this species, which are syncretic to other aposematic amphibians from central-southern Chile. 
Preparation and Storage of Amphibian Toxines in Ceramic Containers
One of the ethnohistorically recognized characteristics of the Reche-Mapuche groups is the use of chemical substances of animal and plant origin (Aldunate, 1996) , particularly the extraction of toxins and their processing to produce medicines, hallucinogenic substances and/or poisons.
There are abundant ethnographic registries about the extraction of toxins from toads and frogs in La Araucanía during the first half of the 20th century, where its ritual preparation is performed by specialists called "machis" using ceramic containers for processing and storing these toxins (Gusinde, 1917; Joseph, 1930; Hilger, 1945; Koessler-Ilg, 1963) .
In Lácar's watershed, Eastern slope of the Andes Cordillera, between the decades of 1920 and 1940, the ethnologist Bertha Koessler-Ilg recorded that the application of, or skin contact with, toads was used as an efficient anaesthetic for toothache in traditional Mapuche medicine (Koessler-Ilg, 2003) . This suggests the existence of active toxicological properties from some species of local amphibians. Regarding the production and use of lethal toxins in ceramic vessels there is a primary source, Martin Gusinde's account of 1917, about the preparation of posion in the region of Panguipulli using blood and corporal secretions of toads recovered from water courses. Gusinde (1917) narrates that, as part of the preparation, the toads' secretions amlong with vegetal components, were reduced in ceramic pots and transported in the same containers to the dwelling area.
Later on, Claude Joseph confirms the use of toxins from toads and frogs in poisons produced by machis using ceramic vessels (Joseph, 1930, p. 85) . In 1945, another reference to this practice was made by Sister Inez Hilger in the bordering Panguipulli region (province of Valdivia, Chile), where she describes having witnessed a restricted production ceremony of the deadly funapue toxin, a process that literally translates as "beating toads" (Mera & Lobos, 2008) . Hilger (1957, p. 158) states that this lethal venom -used in intra and intergroup vendettas and in war -was extracted from amphibian secretions (although it does not specify which species) and stirred into a ceramic vessel. This type of toxin was so deadly that fear of poisoning of fanapue determined the distance between the homes of inhabitants in the same community (Castro & Adán, 2001 ). According to members of the Mapuche community and information from anthropological researchers (Rosamel Millaman, personal communication, September 2018) from the Temuco region, the practice of making and poisoning with fumapue persists, having lethal intoxications both individual (intracommunity) and collective (intra-and inter-community) during the last 50 years. However, this practice is kept secretly due to the fear it generates within Mapuche society.
Aposematic Characteristics of Amphibians
Following Mera and Lobos (2008) , and considering a bigger corpus of ethnographic data as well as the ethoecological aspects of amphibians endemic to the region, we propose that some amphibiomorphic vessels could have been used to prepare and store toxins. Hence, the modeled, painted, and reserved technical attributes in the exterior of the vessel would fulfill the function of exalting the symbolic and ritual value of its contents in order to 'mark' a warning signal to avoid involuntary intoxication (Pérez, 2011; Pérez, Reyes, & Hermann, 2012) . The manipulation of toxins of vegetable and animal origin could generate the specialized use of pottery vessels, whereby some domestic utilitarian vessels containing toxins (medicines, hallucinogens or poisons) could be moved from a context of general use to a specific one (Pérez, 2011) , from which it would henceforth have a distinguishing mark or sign thus preventing any member of the group from becoming poisoned. As a hypothesis, we argue, these manufactured vessels would have expressly contained products of high toxicity; amphibiomorphic vessels modeled with a large mouth feature (Mera & Lobos, 2008) as well as decorated with black paint over red engobe, both could be an example of intentionally visualizing the toxic and ritual value of the vessel contents.
Next we will explore the concept of aposematism and camouflage during the Early Ceramic Period which, we postulate, borrows from nature as a metaphorical warning signal to exalt and visualize the meaning (or symbolic value) of the contents in the vessels. Furthermore, this concept can be related to the interaction of human populations and woodland environments and resources in central-southern Araucanía, Chile, and north-western Patagonia, Argentina.
Camouflage and Aposematism
Within the modeled and painted species of our study area (Figure 4) , external characteristics can be linked to avoiding predation by using diverse evolution strategies such as aposematic features used by the Telmatobufo species or displaying other adaptative strategies by using cryptic mimetic features such as the Rinhoderma darwinni in the woodland landscape. These amphibians can also display mixed strategies within their intra-specific variability.
Mimicry is defined as the property that some animals and plants have to relate and assimilate to other beings in their environment, either by camouflaging themselves against the landscape or by resembling other animals. The best known cases refer to visual mimicry, but there are also those of other senses (Komárek, 1998) . Mimicry should be differentiated with camouflage or "cripsis"; while the mimetic animal resembles another, the cryptic resembles its surroundings (Komárek, 1998; Summers & Clough, 2001; Santos, Coloma, & Cannatella, 2003) .
In animals, mimicry frequently accompanies aposematism, involving different members of a circle of mimicry of either the Batesian or Mullerian type. The Batesian is one who adopts the form of another to pass for an aposematic species, i.e., striking features that are used as a warning signal to potential predators about effective defenses such as strong and repellent odors or an unpleasant taste or a toxicity that may vary from mild and temporary to mortal (Daly et al., 1994; Darst, Menéndez-Guerrero, Coloma, & Cannatella, 2005) . Mullerian mimicry occurs when two species develop evolutionary convergent signals, which indicate they should not be eaten or threatened. Both species are venomous and take advantage of their resemblance so that the predator will remember it more easily.
Discussion and Final Considerations
Based on modeled and painted features in pottery, both naturalistic and abstract, we could identify at least four species of endemic amphibians (Figure 4 ) in the same area where the ceramic group #15 of the regional sequence is distributed (Adán & Alvarado, 1999, p. 255) . Various of these vessels have been described up to now as amphibians in a generic form and, in some cases, identified with anthropomorphic, ornitomorphic or abstract figures, and related to a metaphor of fertility. However, we observed that some vessels can display syncretic characteristics of various species, such as the "big mouth" modelled feature defined by Mera and Lobos (2008) to the Caudiverbera caudiverbera species. Once identified to the species level, we observed that among endemic amphibians from the centralsouthern area of Chile, interesting examples of camouflage have been captured during the Early Ceramic Period, demonstrating a great interaction of local populations with the landscape and its natural resources. The most notorious examples are the representation of mimetic species, among them the Pleurodema thaul frog (Figure 4-D) whose eye-shaped glands on its back allow it to resemble larger amphibians and even imitate the prominent snout and general appearance of amphibians such as the Rinhoderma with its tail. It is also worth noting that vessels with "four-eyed" attributes are the most represented in the ceramic collections of the region, possibly because this species cohabits and proliferates around humans and urban environments (Rabanal & Núñez, 2009 ). The Rinhoderma darwinii, or sapo vaquero, with its characteristic snout presents a highly cryptic variety of form and color (Figure 4-C) . Another example is Telmatobufo bullocki through the representation of its characteristic protuberances in "big mouth" type vessels with cryptic elements but which does not rule out a Batesian mimetic feature (Figure 4-B) . While the coloration of Telmatobufo venustus is a clear example of aposematism in biology (Figure 3 ) and which we postulate is represented by black paint on red engobe (Figure 4-A) , it has been little explored toxicologically (Correa, Donoso, & Ortiz, 2016) .
Amphibians are very plastic at an ecological level. In the face of stress factors such as environmental (climate change) and/or cultural (environment changes induced by humans or the direct exploitation of amphibians), they can change sex, enter torpor or develop toxins. But this same inherent property -the plasticity of the species -makes all these defensive mechanisms temporary because when the external factor that generates stress is reversed, amphibians can also reverse or attenuate these defensive responses. We can explore if certain traits co-occur with periods of environmental stress to which amphibians are extremely sensitive, for example during the Medieval Climatic Anomaly that has been dated between 800 and 1,400 years AD. This period was characterized by its environmental instability, with at least three warm pulses that alternate dry and wet periods (Pérez, 2018) , a chronology which is concordant with the archaeological record of this type of modeled and painted decoration on the regional pottery.
To summarize, natural and cultural factors can act concurrently and, in the face of environmental stress, some amphibians become more toxic to avoid predation. We know that all of the aforementioned amphibians contain toxins (for example bufotanina, batratoxina, etc.), in either scarce or abundant forms (Mera & Lobos, 2008) . We do not expect Telmatobufo venustus with its current aposematic characteristics to be toxic, although it could have been toxic in the past. Similarly, the external aspects that have survived and characterize it today give it Batesian-type defensive advantages.
Finally, we propose the specialized use of ceramic containers for the storage of toxic substances ethnographically registered in the Valdivia river basin, for both the Panguipulli region (Chile) and in the San Martin de los Andes region (Argentina). We hope future work can contribute to study the toxicological properties of these amphibians in order to contrast this model with an archaeometric approach; however, to date we lack main toxicology data for most of the amphibians from central-southern Chile.
